These amplitudes do not include the phase space. From Ref. [1] , the operators Y d and Y † d are both characterized by the same eigenvalue y d , which includes the vertex-counting factor of two,
C d * np is a shorthand notation for the Clebsch-Gordan coefficient, e.g., as defined in Refs. [2] and [3] , and Y 
The uncorrected low-energy s-wave np/γd interactions with an intermediate dibaryon. Each vertex is counted twice, from the number of ways to attach the two initial or two final particles. 
with the upper sign for the space-symmetric triplet np (V t ) and the lower sign for the space-antisymmetric singlet np (V s ). In Ref.
[1], OPE is described in terms of π ± exchange, through the np exchange operator X and eigenvalue ±x, i.e., X |np = ±x |np ; or π 0 exchange, through the np non-exchange operator Z and eigenvalue z, i.e., Z |np = z |np . Each d * propagator has a correction 
These corrections are to all orders, but ignore non-pionic contributions and the energy dependence of x and z, which is valid at least to a few MeV.
II. ORDINARY M 1 CAPTURE: DIRECT CONTRIBUTION FROM AN INTERMEDIATE DIBARYON
Consider the magnetic dipole (M 1) interaction acting directly on dibaryons (Fig. 1) . The analog to Eq. (1.5) is
where γ serves double-duty both as the photon-state label in γd| or C d * γd , and as the photon helicity, with γ = ±1 corresponding to right or left circularly-polarized photons. Frequently, γ is used as a sign, i.e., γ = ±. 
There are only two contributing terms for M 1, for which J = 1, thus,
For M 1 radiation, the spin of the deuteron defines the Z axis, and the radiation is predominantly in the equatorial plane, i.e., at 90
• from the Z axis. Because the intermediate state has no spin, this Z axis has complete 4π freedomof-choice. By conservation of momentum, the deuteron recoil is exactly opposite to the direction of the photon, in the c.m.
Because the spherical harmonics are contained in y 
The electromagnetic part of the Hamiltonian for a proton in an electromagnetic field is, nonrelativistically [5] ,
where σ is the Pauli spin operator, e the proton charge, m p the proton mass, p p the c.m. momentum of the proton, and A the vector potential. The vector potential is quantized with where (i) is the photon polarization vector and α is the electromagnetic coupling 1 . This interaction is represented in Fig. 2 , where at least one leg must be off-shell (here, one of the proton legs is off-shell). The on-shell proton momentum is |p p | ≡ p p = ω in the rest frame of the off-shell proton leg, where p p = −k, with k the photon momentum vector, and where the on-shell proton and photon are both incoming or both outgoing. (For one incoming and one outgoing, p p = k.) Withp ≡ p p /ω and Eq. (2.4), the Hamiltonian density is
The spin-current term in H em occurs in the M 1 interaction. Accounting for the anomalous magnetic moment,
where µ p is the proton magnetic moment. This is a multiple of the nuclear magneton
In the s-wave, σ · (p × (i) ) can be replaced with 0 or 1, according to the initial and final states considered. With Eq. (2.2),
The neutron also has a spin-current term, with magnetic moment µ n . For the neutron,
With the isovector magnetic moment µ 1 = µ p − µ n for ∆J = 1 (ignoring the d-wave component), the isoscalar magnetic moment µ 0 = µ p + µ n for ∆J = 0, and with µ ∆J one of µ 1 or µ 0 , for an isovector or isoscalar deuteron (or dibaryon),
Then, with Eq. (2.3),
In the plane-polarization basis (φ = 0 • : "horizontal", φ = 90
• : "vertical"),
For ordinary M 1 capture, the initial state is |np = |J, M = |0, 0 , and the two possible final states are γt| = γ, M t | = ±1, ∓1|, where the magnetic quantum number of the final deuteron is M t = −γ. The corrected γ = ±1 amplitudes for a direct contribution from an intermediate, off-shell singlet dibaryon are
where C s * γt = C 11 (0, 0; γ, −γ) = 1/ √ 3, and C s * np = 1 because the np state is expressed in the J, M basis.
1 Equation (2.4) often appears with a conventional normalization 1/ √ 2ω, where ω is the photon energy [5, 6] . The amplitudes as defined here do not include this normalization, which occurs instead in a covariant phase-space factor [1] .
Capture with off-shell baryons.
III. ORDINARY M 1 CAPTURE: CONTRIBUTION FROM OFF-SHELL BARYONS
Consider the diagrams in Fig. 3 . Let b be either n or p for the neutron or the proton, and let E b * and p b * be the off-shell baryon's energy and momentum, which are
For a given isospin/spin-state, the baryon propagator is a one-state dyad [1] , thus,
3)
The npd vertex eigenvalues are similar in both Figs. 1 and 3, but with different energies and a different particle off-shell (n * or p * instead of d * ), and with a vertex-counting factor of one instead of two. Note that Eq. (1.6) may be written
(1.5) and (1.6), and using Eq. (3.1),
As with Y d , etc., Y n is shorthand for Y dn * p , etc., where the lone subscript refers to the off-shell particle. The EM vertex eigenvalues are similar to Eq. (2.1), thus,
In analogy with Eq. (2.3), with Eqs. (2.5) and (2.6), and µ b one of µ p or µ n ,
The vertex correction V t is applied to the triplet n * pt and np * t vertices, where X and Z operate between the np legs, and the vertex correction V s is applied to the initial singlet np. (The presence of an internal n * or p * leg does not affect the operators X and Z.) For a given γ = ±1, let np be the neutron-proton for the case of the virtual neutron, and let n p be the neutron-proton for the case of the virtual proton. (These are the same neutron-proton pair, in their two possible singlet spin-states. For quantities other than the spin the prime is omitted, because E n = E n , D n = D n , etc., but note: D n = D n , etc.) For the n * np contribution, where the neutron undergoes the M 1 transition,
For the p * n p contribution, where the proton undergoes the M 1 transition,
The initial state may then be written as (Fig. 1B) with the ∆J = 1 M 1 s * γt vertex expanded to show the virtual baryon contributions. Because the counting factor at the upper s * np vertex is one, and because the operator Ys is defined in elastic scattering where the counting factor is two, the operator at that vertex is 1 2 Y s . The lower nps * vertex is the same from elastic scattering, and has a counting factor of two. Diagrams with a t * γs vertex (∆J = 1) or a t * γt vertex (∆J = 0) are similar, with s
By definition of the np/n p notation-scheme, M n = −M n and M p = −M p , and only the np part contributes to the n * transition, and only the n p part contributes to the p * transition. Note that C s * np = γ
. Then, with Eq. (3.7) and the np part of Eq. (3.9), the n * amplitude is
where
With Eq. (3.8) and the n p part of Eq. (3.9), the p * amplitude is
The combined amplitude is
which reveals the dependence on the isovector magnetic moment µ 1 .
The s * γt vertex from Fig. 1B is expanded in Fig. 4 to reveal the virtual baryons. While all three baryons in the loop may be off-shell, the two from the s * decay are not so-labeled; this is mostly for convenience, but also because these two may be on-shell. The n and p in the expanded vertex are taken to have the same spins as the n and p in the initial state. Then, the n * (or p * ) has its spin opposite to the initial n (or p). There is an overall sign change when the n and p in the expanded vertex have changed their spins from the initial state, as happens when they are acted on by an odd number of X operators (i.e., π ± exchange -see Ref. [1] ). This is accounted for when the corrections are inserted. The s * np opening vertex is counted only once, because swapping the n and p gives rise to the n * and p * contributions, which are separately accounted for. Therefore, the operator at this s * np vertex occurs as 1 2 Y s . The correction V t is applied to the triplet n * pt and np * t vertices, and the correction V s is applied to both nps * vertices. The correction Q s is applied to the singlet dibaryon propagator D s . There are no corrections applied to the baryon propagators, nor is there a radiative correction applied to the n * γn or p * γp vertex. With the n * np/p * n p notation of Eqs. (3.8)-(3.9), the amplitudes with an intermediate singlet dibaryon are
For a particular γ = ±1, the propagators are one-state dyads, thus,
The asterisk on the subscript of D n * and D p * serves to distinguish between the n and n * , etc., which have different energies. The baryon propagators are all given by Eq. (3.3) . Then
where γb 
V. ISOSCALAR CAPTURE
An initial np in the triplet spin-state may be captured through the ∆J = 0 (isoscalar) operator Y t M 1(0) . The photon energy is the same as in ordinary capture, but the symmetry of the initial state is different. Consider first the contribution from Fig. 3 . For the n * np contribution, where the neutron undergoes the M 1 transition,
From these, it can be seen that the final deuteron must either have
there is no distinction between np and n p for M = ±1). There are three contributing initial states: 
Note that there is no change in sign between the n * and p * contributions, as for ordinary capture. Define
Like the s * γt vertex, the t * γt vertex from Fig. 1B may also be expanded as in Fig. 4 to reveal the virtual baryons. The correction V t is applied to the triplet n * pt and np * t vertices, and to both npt * vertices. The correction Q t is applied to the triplet dibaryon propagator D t . With the t * γt vertex expanded as shown in Fig. 4 , the ∆J = 0 intermediate dibaryon amplitudes for the M = 0 (M t = −γ) initial states are Consider ∆J = 1 M 1 radiative capture from an initial triplet np, resulting in a deuteron in the excited 0 + state and a photon. Unlike ordinary capture, there can be no contribution from M ≡ M n + M p = 0. For the contribution from off-shell baryons, where there is no intermediate dibaryon, the correction V s is applied to the singlet n * ps and np * s vertices, and the correction V t is applied to the initial singlet np. Because the intial state has M = ±1, there is no need to distinguish np between the case of the virtual neutron and the case of the virtual proton, as was done in Eqs. (3.7)-(3.9), For the n * np contribution, where the neutron undergoes the M 1 transition,
For the p * np contribution, where the proton undergoes the M 1 transition,
The initial state is |1, ±1 = ± 
